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IMAGE SCALING METHOD AND RELATED
APPARATUS

BACKGROUND OF THE INVENTION

1. Field of the Invention

The invention relates to an 1image data processing, and
more particularly, to an 1mage scaling processing.

2. Description of the Prior Art

Display apparatus such as TVs, LCD monitors, plasma
monitors, and projectors, etc. can be used for displaying static
images or dynamic videos. Different video formats usually

have different resolutions. For example, the resolution of
Video Graphics Array (VGA) 1s 640%480. The resolutionof a

Super Extended Graphics Array (SXGA) 1s 1280%1024.

Under the condition that the resolution of the display appa-
ratus 1s different from the resolution of the recerved video
signals, the recerved mnput video 1mages must {irst be scaled in
order to display the correct video 1mages.

The conventional scaling method can use a frame builer or
a line buffer to store the received frame and scales (ex: per-
form an 1nterpolation operation) a plurality of pixels of the
received frame from the frame butfer or the line butfer.

In the above-mentioned conventional method, an interpo-
lator which includes a scaling filter having a fixed number of
filter taps 1s used to perform the interpolation operation. Take
the filter having 5 fixed taps as an example. Every time gen-
eration of an output horizontal line 1s required, the 5 taps of
the scaling filter are used to respectively receive 5 input
horizontal lines 1n the input video (ex: 4 of the input horizon-
tal lines are already received and stored in the four line buil-
ers, and another horizontal line 1s the input scan line currently
being received). In order to complete the above-mentioned
interpolation operation, the conventional scaling apparatus
must have at least 4 horizontal line buflers, wherein each of
the scan line buflers has a storage space for storing an input
horizontal line. However, since the mput video may have
various different format (resolutions) and the 1mage scaling
apparatus need to be able to process the input videos with said
various different resolutions, the strictest condition (1.e. the
condition where the input video has the largestresolution ) has
to be considered when designing the image scaling apparatus.
For example, 11 the input maximum resolution that the con-
ventional scaling apparatus can process 1s 1920%1080, and
the amount of the tap of the scaling filter of the conventional
scaling apparatus 1s fixed to be 5, then the conventional appa-
ratus must have at least 4 line buifers where each line butier
can store 1920 pixel data. In other words, a storage space of
the conventional apparatus that can store 7680 pixel data in
total 1s required, and this 1s a large hardware cost. In this
example, when the conventional scaling apparatus receives
an mput image which has 640*480 resolution, the storage
space ol the conventional apparatus that can store 7680 pixel
data only store 2560 (640x4) pixel data because the tap of the
scaling filter of the conventional apparatus 1s fixed to be 3.
Furthermore, the quality of the scaled image 1s better when
the number of filter taps of the scaling filter 1s larger.

[l

SUMMARY OF THE INVENTION

It 1s therefore one of the objectives of the present invention
to provide an 1image scaling method and apparatus thereof to
solve the above-mentioned problems.

It 1s therefore one of the objectives of the present invention
to provide an 1mage scaling method and apparatus, wherein
the number of filter taps of scaling filter of the apparatus can
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be adjusted to improve the quality of the scaled image and/or
eificiently use the storage space of the line butfer.

These and other objectives of the present invention will no
doubt become obvious to those of ordinary skill in the art after
reading the following detailed description of the preferred
embodiment that 1s illustrated 1n the various figures and draw-
Ings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a block diagram of an image scaling apparatus
according to an embodiment of the present invention.

FIG. 2 1s an embodiment of a flow chart of the image
scaling apparatus shown 1n FIG. 1.

FIG. 3 1s a block diagram of an 1image scaling apparatus
according to another embodiment of the present invention.

FIG. 4 1s an embodiment of a flow chart of the image
scaling apparatus shown 1n FIG. 3.

FIG. 5 1s an example of the interpolation parameter and the
builer recerves mput 1mages with different resolutions.

DETAILED DESCRIPTION

FIG. 1 1s a block diagram of an image scaling apparatus
100 according to an embodiment of the present invention. In
this embodiment, the 1mage scaling apparatus 100 includes a
determining circuit 120, a buftfer 140, and a scaler 160. The
scaler 160 includes a first interpolator 170 and a second
interpolator 180. In an embodiment, the first interpolator 170
1s a vertical interpolator for performing the 1mage scaling
process along a vertical direction, and the second interpolator
180 1s a horizontal interpolator for performing the image
scaling process along a horizontal direction. The vertical
interpolator 170 has a plurality of input terminals. In this
embodiment, the vertical interpolator 170 comprises a multi-
tap scaling filter, and the filter taps of the multi-tap scaling
filter are used as a plurality of input terminals of the vertical
interpolator respectively. The operation and structure of the
scaling filter and the vertical and horizontal interpolators are
well known by persons familiar with the related techniques
and can be implemented by software or hardware (digital
circuit or logic circuit) or both, and therefore additional
details of the relative operation theory and steps are omitted
for the sake of brevity.

FIG. 2 1s an embodiment of an operation flow chart of an
image scaling apparatus 100 of this invention. First, in step
210, the determining circuit 120 determining the resolution of
the mput 1mage according to at least one of period of vertical
and horizontal synchronization signals or/and the polarity of
the vertical and the horizontal synchromization signals of the
input 1mage, and determines an interpolation parameter
according to the resolution of the input image and the known
storage space of the buifer 140, wherein the interpolation
parameter 1s used for indicating the number of the nput
terminals of the vertical imnterpolator 170 (1.e. the amount of
taps used for recerving the input pixels 1n the multi-tap filter
mentioned above). The resolution detecting method 1s well
known by persons familiar with the related techniques, and
therefore additional details of the relative operation theory
and steps are omitted for the sake of brevity. Therefore, when
the mput 1mage has different horizontal resolutions, the
multi-tap filter 1n the vertical interpolator 170 will be able to
use different amounts of taps to recerve the pixels 1n the input
image 1n order to carry out the interpolation operation of the
input pixels. For example, 11 the buffer 140 has a storage space
for storing 3840 pixel data, then when the horizontal resolu-

tion of the input image 1s 320, 640, 960, 1280, or 1600 pixels,
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the determining circuit 120 can determine the interpolation
parameter to be 13, 7, 5, 4, or 3 respectively. That 1s, the
multi-tap filter 1n the vertical interpolator 170 will use 13, 7,
3, 4, or 3 taps to receive the pixels in the input image. In other
words, when the resolution of the input image 1s smaller, the
multi-tap filter in the vertical interpolator 170 uses more taps
to recerve the horizontal lines of the input image such that the
quality of the scaled image 1s better, and when the resolution
of the mnput 1image 1s larger, the multi-tap filter 1n the vertical
interpolator 170 uses less taps to receive the horizontal lines
of the mput image and the large storage space of the buifer
140 can be avoided such that the cost can be decreased.
Step 220: The butfer 140 temporarnly stores the input
image. When the horizontal resolution of the input image and
interpolation parameter are (320, 13),((640, 7), (960, 5),
(1280, 4), (1600, 3)), the buller 140 can temporarily store the
pixels of 12 (6, 4, 3, 2) horizontal lines of the mnput 1image
where each line buffer can store 320 (640, 960,1280, 1600)

pixels. Obviously, the above-mentioned method 1s able to
cificiently use of the builer 140.

Step 230 and step 240 are operations of the vertical inter-
polator 170 and the horizontal interpolator 180. Here, the
resolutions of the input image and the output image are
assumed to be 640%480 and 1280%1024 respectively. In step
230, the vertical interpolator 170 controls the multi-tap scal-
ing filter according to the interpolation parameter. Suppose
the resolution of the mput image 1s 640%480, the multi-tap
filter of the interpolator will use 7 taps for recerving the pixels
of the 7 horizontal lines of the input image, respectively. More
precisely, the vertical interpolator 170 has to perform the
vertical interpolation operation on 7 horizontal lines of the
input image to generate an intermediary 1mage having a reso-
lution of 640%1024. According to a plurality of pixels in the 7
scan lines recerved by the 7 filter taps, the multi-tap filter can
use an 1nterpolation rule to perform the interpolation opera-
tion on the pixels to generate a scaled horizontal line 1n the
intermediary image, wherein the interpolation rule can utilize
any kinds of conventional interpolation techniques. In a pre-
terred embodiment, a multi-tap filter can use the detection
result of an edge detector to obtain an edge direction, and the
multi-tap filter can use a pre-determined interpolation rule
corresponding to the edge direction to perform the interpola-
tion operation. In an embodiment, weight values of the inter-
polation operation can be different and correspond to each
corresponding pixel according to the interpolation rule. Of
course, the method mentioned above 1s only an illustration,
and 1s not a limitation of the present invention.

In step 240, taking the assumption in the previous para-
graph as an example, the horizontal interpolator 180 has to
perform the horizontal mterpolation operation on each hori-
zontal line 1n the mtermediary 1image having a resolution of
640%1024 to generate the final output image having a resolu-
tion of 1280*1024. In this embodiment, the horizontal inter-
polator 180 includes a FIFO butler and a multi-tap filter (not
shown), and the multi-tap filter the horizontal interpolator
180 can be a fixed amount or an unfixed amount of filter taps
of the multi-tap filter.

The method of the horizontal and the vertical interpolation
operation 1s well known by persons familiar with the related
techniques, and therefore additional details of the relative
operation theory and steps are omitted for the sake of brevity.

FI1G. 2 1s only one illustration, and 1n reality, step 240 can
be performed together with step 230 or before step 230 1s
performed instead of being performed after step 230 1s com-
pleted. After understanding the operation method and theory
of the embodiment of the present invention, a person of aver-
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age skill 1n the pertinent art should be able to perform the
disclosed method 1n a different way from the flow chart from
FIG. 2.

FIG. 3 1s a block diagram of an image scaling apparatus
according to another embodiment of the present invention. In
this embodiment, the image scaling apparatus 300 includes a
resolution determining circuit 320, a butfer 340, and a scaler
360. The scaler 360 includes a first interpolator 370 and a
second interpolator 380. In this embodiment, the first inter-
polator 370 1s a horizontal interpolator, and the second inter-
polator 380 1s a vertical interpolator. The vertical interpolator
380 has a plurality of input terminals. In this embodiment, the
interpolation unit 1s a multi-taps scaling filter. The structure
and operation of corresponding elements in FIG. 3 are sub-
stantially similar to the corresponding elements 1n FIG. 1, and
therefore additional details of the relative operation theory
and steps are omitted for the sake of brevity.

FIG. 4 1s an embodiment of an operation flow chart of an
image scaling apparatus 300 1n the embodiment mentioned
above. The step 410 1s used for determining the resolution of
the 1nput 1mage and generating an interpolation parameter.
The step 410 1n FI1G. 4 15 substantially the similar to the step
210 in FIG. 2, and therefore additional details of the relative
operation theory and steps are omitted for the sake of brevity.

In step 420, the butier 340 temporarily store the pixels of
the mput 1mage. The step 420 1n FIG. 4 15 substantially the
similar to the step 220 1n FIG. 2, and therefore additional
details of the relative operation theory and steps are omitted.

Step 430 15 step of performing horizontal interpolation
operation. The step 430 1n FIG. 4 1s substantially the similar
to the step 240 1in FIG. 2, and therefore additional details of
the relative operation theory and steps are omitted. Step 440
1s step of performing vertical interpolation operation. The
step 430 and the step 440 in FIG. 4 are substantially the
similar to the step 240 and the step 230 1n FIG. 2, respectively,
and therefore additional details of the relative operation
theory and steps are omitted.

Of course, the above-mentioned method 1s only an 1llus-
tration, and 1s not a limitation of the present invention. After
understanding the operation method and theory of the
embodiment of the present invention, a person of average skill

in the pertinent art should be able to carry out the disclosed
method 1n a different way from the flow chart shown in FIG.
4.

FIG. 5 1s an example of the interpolation parameter deter-
mined by the determining circuit 120, 320 and the builer 140,
340 for storing the pixel data of the plurality of horizontal
lines of input image when the vertical interpolator 1n the two
embodiments mentioned above receive the input images with
different resolutions. FIG. 5 shows that, 1n the methods pro-
vided by the two embodiments, when the horizontal resolu-
tion of the 1image received by the image scaling apparatus 100,
300 1s smaller, a larger value can be used as the mterpolation
parameter, and when the horizontal resolution of the image
received by the 1image scaling apparatus 100, 300 1s larger, a
smaller value can be used as the interpolation parameter. In
other words, both the 1image scaling apparatus 1n these two
embodiments can select a better value as the amount of the
filter tap for performing the vertical or/and horizontal inter-
polation operation according to the at least one horizontal
or/and vertical resolution of the image received by the image
scaling apparatus. Please note that the methods of the
embodiments mentioned above are not limitations of the
present invention. As long as a method performs the mterpo-
lation operation with different interpolation parameter
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according to the resolution of the input image automatically,
then the method falls within the scope of the present inven-
tion.

In addition, both buffer modules 1n the two embodiments
only need a storage space that can store 3840 pixel data 1n
total for the operation of the vertical interpolator under vari-
ous conditions by referring to the examples shown 1n FIG. 5.
Please note that the storage space of 3840 pixels 1s only an
embodiment of the present invention.

Those skilled in the art will readily observe that numerous
modifications and alterations of the device and method may
be made while retaining the teachings of the invention.
Accordingly, the above disclosure should be construed as
limited only by the metes and bounds of the appended claims.

What 1s claimed 1s:

1. A method for scaling an input 1image along a first direc-
tion of the mmput image to generate an output image, the
method comprising:

receiving the mput 1mage and determining a resolution of
the input 1mage;

determining an amount of taps of a multi-tap scaling filter
according to the determined resolution of the input
image; and

scaling the mput image and thereby generating the output
pixels by utilizing the multi-tap scaling filter.

2. The method of claim 1, further comprising;

temporarily storing the corresponding input pixels of N
horizontal lines of the mput image, wherein N corre-
sponds to the amount of taps of the scaling filter.

3. The method of claim 1, wherein the first direction cor-

responds to a vertical direction of the input 1image.

4. The method of claim 1, the step of determining compris-
ng:

determining the resolution of the mput 1mage according to
at least one of horizontal and vertical synchronization
signals of the input 1mage.

5. An apparatus for scaling an input image along a first

direction, the apparatus comprising:

a determining circuit, for determining a resolution of the
input 1image and thereby determining an interpolation
parameter; and

a scaler, coupled to the determining circuit, comprising a
multi-tap scaling filter, the scaler being used for scaling
the pixel data of the input image and thereby outputting
an output image, wherein an amount of taps of the multi-
tap scaling filter 1s determined by the determining circuit
according to the determined resolution of the input
1mage.
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6. The apparatus of claim 5, wherein tap number of the
multi-tap scaling filter 1s corresponding to the interpolation
parameter.

7. The apparatus of claim 5, wherein the determining cir-
cuit determines the resolution of the input image according to
at least one of horizontal and vertical synchronization signals
of the mput 1mage.

8. The apparatus of claim 5, wherein the first direction
correspond to a vertical direction of the input 1image.

9. The apparatus of claim 5, wherein an amount of taps of
multi-tap scaling filter corresponds to the resolution of the
input 1mage.

10. The apparatus of claim 5, further comprising;:

a buliler, coupled to the determining circuit and the scaler,
for temporarly storing pixel data of N horizontal lines of
the input 1mage, wherein N corresponds to the interpo-
lation parameter.

11. An apparatus for scaling an mnput image along a first

direction, the apparatus comprising:

a determining circuit, for determining a horizontal resolu-
tion of the mput 1image, thereby determining an mterpo-
lation parameter, wherein the interpolation parameter
increases when the horizontal resolution decreases; and

a vertical interpolator, coupled to the determiming circuit,
comprising a multi-tap scaling filter, wherein an amount
of taps of the multi-tap scaling filter 1s equal to the
interpolation parameter, and the vertical interpolator
receives pixels of the input image by utilizing the multi-
tap scaling filter 1n order to carry out an interpolation
operation of the pixels and thereby outputting an output
image.

12. The apparatus of claim 11, further comprising:

a buffer, coupled to the determining circuit and the vertical
interpolator, the buller having a storage space for tem-
porarily storing the pixels of the input image.

13. The apparatus of claim 12, wherein the buffer 1s utilized
for providing a first amount of line buifers according to the
horizontal resolution of the input image and the interpolation
parameter, and registering the pixels of the mput 1mage by
utilizing the first amount of line buffers, and the first amount
increases when the interpolation parameter increases, and
storage space of each line buller decreases when the first
amount 1ncreases.

14. The apparatus of claim 13, wherein the first amount 1s
one less than the interpolation 1input amount, and each line
builer can store at least a horizontal scan line of the input
image.
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